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Elevated plus mazeAbstract Stress alters psychological diseases such as anxiety and depression. Protein malnutrition
(PM) contributes to psychological disorders. The present study aimed to investigate the effect of
biphenyl dimethyl dicarboxylate (DDB) on anxiety of psychologically stressed protein malnour-
ished mice as compared to its effect in normally-fed mice. Fluoxetine (FLX) was used as reference
standard. Animals were randomly divided into two major groups, normally-fed group provided
with 20% casein diet and a protein malnourished one was provided with a diet containing 8%
casein for 21 consecutive days. The given diet was continued during the experiment. Stress was
induced using the learned helplessness technique (LH). Each animal was exposed for 5 days to
the psychological stress session either alone or in association with drug administration following
completion of 21 days under the selected diet regimen. DDB and ﬂuoxetine were given in doses
of 100 mg/kg p.o. and 10 mg/kg i.p., respectively before exposure to foot shocks daily. Anxiety
was evaluated using elevated plus maze (EPM) and the whole brain wet tissue monoamine levels,
namely dopamine, norepinephrine and serotonin were estimated.
Protein malnutrition in the presence of stress resulted in increasing number of open arm entries and
head dipping as compared to the normally-fed stressed mice. Stress in the presence or absence of
protein malnutrition signiﬁcantly increased rearing frequency as compared to the corresponding
mice. Fluoxetine in the presence of stress signiﬁcantly decreased open arm time spent and number
52 M.F. Sabry et al.of open arm entries as compared to protein malnourished stressed mice. Protein malnutrition
increased stretched attend posture.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.
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Stress is the physiological, psychological and behavioral
response by individuals on perceiving a lack of equilibrium
between the demands placed upon them and their ability to
meet those demands. Stress over a period of time leads to ill-
health.1 Stress is classiﬁed as acute stress, which involves a
brief exposure to the stressor and chronic stress which involves
a prolonged exposure to the stressor and chronic variable
stress, which is the repeated application of different types of
stressors of variable intensity.2 Activation of the stress system
leads to behavioral and peripheral changes that adjust homeo-
stasis and improve coping with stress situations. On the other
hand, a lack of adaptation to excessive demands can lead to
the development of pathological syndromes, such as depres-
sion and anxiety.3 Anxiety is deﬁned as the response of a sub-
ject to potential threats that may impair its homeostasis.4
Based on the conﬂicts between the tendency to explore a novel
environment and aversion to bright spaces, many behavioral
tests are regarded as models of anxiety, such as the elevated
plus maze. The unconditioned response characteristics seen
in the elevated plus maze (EPM) task are attributed to the
spontaneous fear which the EPM elicits, given that during
the regular 5 min session there is a clear preference to be in
the enclosed arms rather than the open arms.5 In this context,
the existence of at least two environments with different levels
of aversion, open and enclosed arms, appears to be required
for animals to develop open arm avoidance in the EPM test.6
As many animal models of anxiety are based upon exploration
of novel (and, hence, potentially dangerous) environments, it
would be predicted that these situations should also elicit risk
assessment behavior, including head dipping and stretched
attend posture.7 Stress was induced in the present study using
learned helplessness. LH is a paradigm in which the animal is
exposed to repeated uncontrollable shocks followed by
controllable shocks but the animal becomes helpless. In other
word escape deﬁcit occurrence where animal losses coping and
fells despair.8
Protein malnutrition (PM) is a fatal body-depletion disor-
der and is considered the most important risk factor for illness
and deaths through the whole world especially in the develop-
ing countries. Pure protein deﬁciency can occur when the body
is provided with sufﬁcient energy but lacks the required
amount of protein.9 Protein malnutrition inﬂuences many bio-
logical and biochemical factors in the body. Also, it affects the
brain growth and the development of the immune and endo-
crine system. There are several behavioral consequences of
malnutrition, and some authors have shown that malnutrition
leads to reduced environmental exploration, increased locomo-
tor activity, and low thresholds to aversive stimuli (shocks,
intense light, and cold water), characterizing an intensiﬁed
emotional reaction.10,11 The increase in the number of entries
and in the time spent on the open arms of the elevated plus-
maze suggests that low protein diet causes a permanentincrease in impulsiveness and/or a greater tendency to explore
the open arm novelty, an indicative of lower anxiety.10
Biphenyl dimethyl dicarboxylate (DDB) is widely used as a
hepatoprotective12 and is recently found to possess immuno-
modulatory,13 as well as neurobehavioral potential. The neu-
robehavioral effects of DDB include increased locomotor
activity and exploration; enhancement of both memory and
learning with corresponding catecholamines changes.14 In
addition, DDB showed an enhancing effect on aggressiveness.
Moreover, it was reported as an experimental inducer of play
soliciting, as it increases the play behavior of the partner rat .15
Fluoxetine is widely used as an antidepressant. Fluoxetine
is utilized in the current study as a reference standard. It acts
through selective inhibition of serotonin reuptake.16
2. Materials and methods
2.1. Animals
Adult male Swiss mice weighing 20–25 g were used. Animals
were obtained from the animal house of the National Organi-
zation of Drug Control and Research. The animals were caged
six animals under conventional laboratory conditions and free
access to food and water one week for accommodation. Ten
animals were used in each group.
2.2. Drugs
Biphenyl dimethyl dicarboxylate (DDB) was purchased from
the Beijing Union pharmaceutical Factory, P.R. China).
DDB was given in the dose of 100 mg/kg p.o. as it is not com-
pletely soluble14 and ﬂuoxetine was given in the dose of 10 mg/
kg i.p. Fluoxetine Hcl was obtained from El Nile Company,
Egypt.
2.3. Diet preparation
The standard diet was prepared according to Bamji, and Sha-
rada.17 Normal nourished mice were subjected to a diet con-
taining 20% casein, while protein malnourished mice were
fed a diet that contains 8% casein.18
2.4. Experimental design
Animals were divided into two major groups: a normally fed
group (NF) and a protein malnourished (PM) group. NF mice
were fed a diet containing 20% protein while PM mice were
fed a diet containing 8% protein diet (PM) for 21 days. After
completion of 21 days under the prepared diet regimen each
group was divided into:
1. Normal control (p.o.): animals received saline, p.o.
2. Normal control (i.p.): animals received saline, i.p.
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escapable foot shocks.
4. Escape control (i.p.): animals received saline, i.p. + 30
escapable foot shocks.
5. DDB+ escape control (p.o.): animals received DDB
(100 mg/kg p.o.) + 30 escapable foot shocks.
6. FLX+ escape control (i.p.): animals received FLX (10 mg/
kg i.p.) + 30 escapable foot shocks.
7. Stress control: animals received 60 inescapable foot shocks
for 4 days followed by 30 escapable foot shocks in the 5th
day.
8. DDB+ stress: animals received DDB (100 mg/kg
p.o.)+60 inescapable foot shocks for 4 days followed by
30 escapable foot shocks in the 5th day.
9. FLX+ stress: animals received FLX (10 mg/kg i.p.) + 60
inescapable foot shocks for 4 days followed by 30 escapable
foot shocks in the 5th day.
2.4.1. Behavioral evaluation
Experimental animals were subjected to the LH test. EPM
test was carried out 24 h after LH. Animals were monitored
by a video camera for the assessment of the behavioral
parameters namely time spent in open arms, numbers of open
arms entries, head dipping, rearing frequency and stretched
attend posture.
2.4.1.1. Learned helplessness. Learned helplessness device con-
sists of:
 A transparent Plexiglas shock chamber (18–18–30 cm3),
equipped with a stainless steel grid ﬂoor (diameter of each
grid: 0.5 cm, spacing: 0.6 cm).
 The shuttle box consisted of equal sized compartments (18–
18–30 cm3) that were separated by a small gate (diameter of
each grid: 0.5 cm, spacing: 0.6 cm). Both compartments of
the shuttle box contained a grid ﬂoor. One compartment
received electric current whereas another is considered as
a safety area; did not receive the current.19
Experimental animals were subjected to 60 inescapable foot
shock trials of 0.2 mA for 15 s with a 5 s intertrial interval for
4 days where there was no chance for escape (training session).
After 24 h of the last training day animals were subjected to 30
escapable foot shock trials of 0.2 mA for 3 s with a 10 s inter-
trial interval (test session).
2.4.1.2. Elevated plus maze. The elevated plus maze used is
made of wood20 and consists of an elevated (38.5 cm) cen-
tral platform (5 by5 cm) surrounded by four perpendicular
arms (30 by 5 cm). Two arms are fully open and 180 apart
whereas the distal halves of the two other (closed) arms
have sidewalls of height, 14.5 cm.21 The experimental animal
was placed in the center of the central platform facing the
open arm, and the behavior of animal was monitored for
5 min.22
2.4.2. Neurochemical studies
After LH test session animals were decapitated. DA, NE and
5-HT were estimated spectrophotoﬂurometrically.2.5. Statistical analysis
Behavioral data were expressed as median and range error.
Comparisons between different treatments were carried out
using the Kruskal Wallis test according to Calvin.23 Biochem-
ical data were expressed as mean and standard error. Compar-
isons between different treatments were carried out using a one
way analysis of variance (ANOVA) followed by least signiﬁ-
cant difference (LSD) according to Armitage and Berry.24
3. Results
Proteinmalnutrition in thepresenceof stress signiﬁcantly increased
the number of open arm entries and head dipping as compared to
normally-fed stressed mice at p< 0.05. Protein malnutrition and/
or stress signiﬁcantly increased rearing frequency as compared to
the corresponding mice at p< 0.05. Fluoxetine, in the presence
of stress, signiﬁcantly decreased open arm time spent and the num-
ber of open arm entries as compared to stressed mice at p< 0.05
under protein malnutrition. Protein malnutrition signiﬁcantly
increased stretched attend posture (SAP) in escape control (saline
i.p.) by 213%as compared to the correspondingnormally-fedmice
at p< 0.05. Consequently, Protein malnutrition signiﬁcantly
increased stretched attend posture (SAP) in ﬂuoxetine treated
stressedmice, as compared to the correspondingnormally-fedmice
at p< 0.05 as shown in Tables 1–5.
Stress caused a signiﬁcant decrease in the whole brain con-
tents of DA, 5-HT and NE under both diet regimens as com-
pared to escape and normal controls. Protein malnourished
mice showed a signiﬁcant increase in DA whole brain content
as compared to normally-fed ones. Protein malnourished
stressed mice showed a signiﬁcant increase in 5-HT and NE
whole brain contents as compared to normally-fed stressed
ones. FLX treatment lowered DA, NE and 5-HT whole brain
contents, as compared to stress and DDB stressed, normally-
fed mice. However, FLX did not affect DA whole brain con-
tent in stressed protein malnourished mice. DDB treatment
signiﬁcantly increased DA and NE whole brain contents in
escape normally-fed mice while FLX signiﬁcantly decreased
DA whole brain content under both diet regimens as compared
to their controls. In escape mice DDB treatment signiﬁcantly
decreased 5-HT whole brain content, while FLX signiﬁcantly
increased 5-HT and NE whole brain contents under both diet
regimens as compared to their controls. FLX treatment in the
presence of stress caused a signiﬁcant decrease in 5-HT and
NE whole brain contents, as compared to stressed mice under
normal feeding condition. FLX has no signiﬁcant effect on 5-
HT and NE whole brain contents in stressed protein malnour-
ished mice. Figs. 1, 2 and 3A and B.
4. Discussion
In the present study protein malnutrition in the presence of
stress signiﬁcantly increased the number of open arm entries
and head dipping. Thus, protein malnutrition–stress
interaction resulted in decreasing anxiety. This result may
reﬂect attention deﬁcit/hyperactivity disorder (ADHD)-like
characteristic; thus PM–stress interaction may result in the
impairment of executive functions. This result agrees with
the ﬁndings of Leiberman et al.,25 where protein malnourished
Table 1 Effect of biphenyl dimethyl dicarboxylate (DDB) as well as ﬂuoxetine on time spent in the open arm by psychologically
stressed normally fed and protein malnourished adult male mice.
Parameter Normally-fed mice Protein malnourished mice
Treatment Time spent in the open arm in
seconds median and range
Time spent in open arm in
seconds median and range
Normal control (saline p.o.) 0 (0–1.69) 0 (0–0.44)
Normal control (saline i.p.) 0 0
Escape control (saline p.o.)f 0 0
DDB(100 mg/kg) p.o. + 30 escapable foot shocks 0 0
Escape control (saline i.p.)f 0 0 (0–5.486)
Fluoxetine (10 mg/kg) i.p. + 30 escapable foot shocks 0 0 (0–2.04)
Stress controlg 0 (0–1.123) 0 (0–53.12)
DDB(100 mg/kg) p.o. + stress 0 (0–1.55) 0 (0–0.426)
Fluoxetine (10 mg/kg) i.p. + stress 0 0C
f Escape control mice received 30 escapable foot shocks.
g Stress control mice received 60 inescapable foot shocks for 4 days, animals not allowed to escape then received 30 escapable foot shocks.
C Signiﬁcant difference from protein malnourished stress control at p< 0.05.
Table 2 Effect of biphenyl dimethyl dicarboxylate (DDB) as well as ﬂuoxetine on the number of open arm entries by psychologically
stressed normally fed and protein malnourished adult male mice.
Parameter Normally-fed mice Protein malnourished mice
Treatment Number of open arm entries
median and range
Number of open arm entries
median and range
Normal control (saline p.o.) 0 (0–1) 0
Normal control (saline i.p.) 0 0 (0–3)
Escape control (saline p.o.)f 0 0
DDB (100 mg/kg) p.o. + 30 escapable foot shocks 0 0
Escape control (saline i.p.)f 0 0 (0–1)
Fluoxetine (10 mg/kg) i.p. + 30 escapable foot shocks 0 0 (0–1)
Stress control g 0 (0–1) 0c (0–2)
DDB (100 mg/ kg) p.o. + stress 0 (0–1) 0 (0–1)
Fluoxetine (10 mg/kg) i.p. + stress 0 0C
f Escape control mice received 30 escapable foot shocks.
g Stress control mice received 60 inescapable foot shocks for 4 days, animals not allowed to escape then received 30 escapable foot shocks.
c Signiﬁcantly different from normally-fed stress control at p< 0.05.
C Signiﬁcantly different from protein malnourished stress control at p< 0.05.
Table 3 Effect of biphenyl dimethyl dicarboxylate (DDB) as well as ﬂuoxetine (FLX) on head dipping frequency by psychologically
stressed normally fed and protein malnourished adult male mice.
Parameter Normally-fed mice Protein malnourished mice
Treatment Head dipping frequency
median and range
Head dipping frequency
median and range
Normal control (saline p.o.) 0 (0–4) 2 (0–6)
Normal control (saline i.p.) 0 (0–4) 1.5 (0–5)
Escape control (saline p.o.)f 0.5 (0–8) 1 (0–4)
DDB(100 mg/kg) p.o. + 30 escapable foot shocks 2 (0–5) 1 (0–2)
Escape control (saline i.p.)f 0 (0–1) 4b2 (1–6)
Fluoxetine (10 mg/kg) i.p. + 30 escapable foot shocks 2 (0–6) 1.5 (0–9)
Stress controlg 0 (0–4) 4c (0–8)
DDB (100 mg/kg) p.o. + stress 0 (0–3) 1 (1–7)
Fluoxetine (10 mg/kg) i.p. + stress 0 (0–5) 2 (0–3)
f Escape control mice received 30 escapable foot shocks.
g Stress control mice received 60 inescapable foot shocks for 4 days, animals not allowed to escape then received 30 escapable foot shocks.
b2 Signiﬁcantly different from normally-fed escapable control i.p. at p< 0.05.
c Signiﬁcantly different from normally-fed stress control at p< 0.05.
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Table 4 Effect of biphenyl dimethyl dicarboxylate (DDB) as well as ﬂuoxetine on rearing frequency by psychologically stressed
normally fed and protein malnourished adult male mice.
Parameter Normally-fed mice Protein malnourished mice
Treatment Rearing frequency median and range Rearing frequency median and range
Normal control (saline p.o.) 2 (0–9) 4 (0–12)
Normal control (saline i.p.) 2 (0–5) 5 (2–6)
Escape control (saline p.o.) f 0.5 (0–8) 4 (0–12)
DDB(100mg/kg) p.o. + 30 escapable foot shocks 2 (0–7) 2 (0–10)
Escape control (saline i.p.)f 0.5 (0–3) 7b2 (1–13)
Fluoxetine (10 mg/kg) i.p. + 30 escapable foot shocks 1.5 (0–4) 3 (0–5)
Stress controlg 0a1,a2 (0–3) 3.5c (0–9)
DDB(100 mg/kg) p.o. + stress 1 (0–6) 2 (2–8)
Fluoxetine (10 mg/kg) i.p. + stress 1 (0–5) 2 (0–9)
f Escape control mice received 30 escapable foot shocks.
g Stress control mice received 60 inescapable foot shocks for 4 days, animals not allowed to escape then received 30 escapable foot shocks.
a1 Signiﬁcantly different from normally-fed normal control p.o. at p< 0.05.
a2 Signiﬁcantly different from normally-fed normal control i.p. at p< 0.05.
b2 Signiﬁcantly different from normally- fed escapable control i.p. at p< 0.05.
c Signiﬁcantly different from normally-fed stress control at p< 0.05.
Table 5 Effect of biphenyl dimethyl dicarboxylate (DDB) as well as ﬂuoxetine (FLX) on stretched attend posture frequency by
psychologically stressed normally fed and protein malnourished adult male mice.
Parameter Normally-fed mice Protein malnourished mice
Treatment Stretched attend posture
frequency median and range
Stretched attend posture
frequency median and range
Normal control (saline p.o.) 13 (7–20) 16 (10–25)
Normal control (saline i.p.) 8 (7–17) 16 (10–17)
Escape control (saline p.o.) f 8.5 (4–19) 12 (7–20)
DDB(100 mg/kg) p.o. + 30 escapable foot shocks 11 (4–17) 12 (7–18)
Escape control (saline i.p.)f 7.5 (3–15) 16b2 (9–28)
Fluoxetine(10 mg/kg) i.p. + 30 escapable foot shocks 15 (9–21) 15 (11–24)
Stress control g 11 (4–17) 14 (3–21)
DDB (100 mg/kg) p.o. + stress 11 (3–19) 11 (5–19)
Fluoxetine (10 mg/kg) i.p. + stress 9.5 (1–19) 15e,D (9–18)
f Escape control mice received 30 escapable foot shocks.
g Stress control mice received 60 inescapable foot shocks for 4 days, animals not allowed to escape then received 30 escapable foot shocks.
e Signiﬁcantly different from normally-fed stress + FLX at p< 0.05.
D Signiﬁcantly different from protein malnourished stress + DDB at p< 0.05.
b2 Signiﬁcantly different from normally- fed escapable control i.p. at p< 0.05.
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tein diet) increased the number of entries into the open arm
of the elevated plus maze.
Several studies discussed the effect of protein malnutri-
tion–stress interaction on anxiety. In one of these studies,
stress was performed on protein malnourished animals by
chronic tactile stimulation and acute underwater trauma.26
On testing the behavior of these animals in the elevated plus
maze, both chronic tactile stimulation and acute underwater
trauma decreased exploration, in the maze, an indicator of
increased anxiety. On the other hand, acute underwater
trauma acted as an effective external stimulus to reduce the
anxiolytic effect produced by early protein malnutrition.
Another study reported that immobilization, which is an
acute stressor, reduced the anxiolytic effect of early protein
malnutrition in rats being reared in groups rather than reared
individually.27On the other hand, the present results are not in agreement
with these obtained by Sampaio et al.28 who reported that
environmental stimulation, which was performed by stress
handling followed by sonorous stimulation with sounds of
3KHz and early protein malnutrition, had an anxiogenic effect
that was indicated through the decrease in open arm, time
spent and head dipping in EPM. The difference between their
results and the present study results could be attributed to the
application of different types of stress.
In the present study, DDB had no action on open arm time
spent, number of open arm entries and head dipping. The liter-
atures about DDB are few and did not give any explanation for
the obtained insigniﬁcant action.However the lack of signiﬁcant
action could be attributed to its use as a protective not as a cura-
tive and/or in sub-acute experiment (5 days). This explanation
may be supported by a study that revealed that DDB is more
effective when used as a curative than as a protective.29
Figure 1B Effect of biphenyl dimethyl dicarboxylate (DDB) and ﬂuoxetine (FLX) on whole brain 5-HT content of psychologically
stressed protein malnourished mice. a1: signiﬁcantly different from normally-fed normal control p.o. at p< 0.05; a2: signiﬁcantly different
from normally-fed normal control i.p at p< 0.05; b1: signiﬁcantly different from normally-fed escapable control p.o. at p< 0.05; b2:
signiﬁcantly different from normally-fed escapable control i.p. at p< 0.05; c: signiﬁcantly different from normally-fed stress control at
p< 0.05; d: signiﬁcantly different from normally-fed stress + DDB at p< 0.05; A1: signiﬁcantly different from protein malnourished
normal control p.o. at p< 0.05; A2: signiﬁcantly different from protein malnourished normal control i.p at p< 0.05; B1: signiﬁcantly
different from protein malnourished escapable control p.o. at p< 0.05; B2: signiﬁcantly different from protein malnourished escapable
control i.p. at p< 0.05; e: signiﬁcantly different from normally-fed stress + FLX at p< 0.05.
Figure 1A Effect of biphenyl dimethyl dicarboxylate (DDB) and ﬂuoxetine (FLX) on whole brain 5-HT content of psychologically
stressed normally-fed mice.
56 M.F. Sabry et al.In the current study, ﬂuoxetine in the presence of stress sig-
niﬁcantly decreases open arm time spent and the number of
open arm entries. This result is in agreement with ﬁndings of
Thang et al.30 where ﬂuoxetine injection had signiﬁcant anxio-
genic effects in the social interaction test. Another study
reported that ﬂuoxetine exerted its anxiogenic-like proﬁle in
social interaction anxiety test, which was manifested by
decreasing the time of total social interaction and increasing
self-grooming.31
The present result is not in complete agreement with the
data obtained by Robert et al.32 who reported that ﬂuoxetine
is anxiogenic in acute dose and chronic dose. The anxiogenic
effect of ﬂuoxetine is turned into an anxiolytic-like effect by
stressful handling. The difference in their results and these of
the present study could be attributed to application of different
types of stress.The observed anxiogenic-like effects of ﬂuoxetine-reported
in the present study could be explained via the apparent
decrease in dopamine whole brain content. This explanation
is in parallel lines with the explanation given by Belzung et al.33
where acute ﬂuoxetine-induced anxiogenic-like effects were
reversed by diazepam and blocked by the D2/3 agonist, quinel-
orane. Thus, ﬂuoxetine may have exerted its anxiogenic effect
through dopaminergic mechanisms.
In the present study, stress that was performed using the
learned helplessness model decreases dopamine whole brain
content. The effect of stress on dopamine has been studied
by several authors and supports the present results. One of
the studies reported that chronic mild stress (CMS) was found
to reduce NE, DA, and 3,4-hydroxyphenylacetic acid
(DOPAC) levels in both the hippocampus and prefrontal cor-
tex.34 An earlier work showed that CMS decreases the striatal
Effect of biphenyl dimethyl dicarboxylate and ﬂuoxetine on performance of normally-fed 57dopaminergic activity with an associated increase in the dopa-
minergic activity in the prefrontal cortex.35 In addition, Kon-
standi et al.36 studied the effect of psychological stress on
brain amines and found that restraint stress decreased DA in
the hypothalamus and in the locus coeruleus of mice due to
increased DA turnover. Their work showed that DA turnover
was suppressed in the amygdala of mice and decreased in DA
levels in the rat striatum. Inoue et al.37 studied the effect of
physical and psychological stress on DA and 5-HT and illus-
trated the role of the intensity of stress. They showed that a
low level of foot shock selectively increases the DA metabolism
in the medial prefrontal cortex (mPFC). Twenty minutes foot-
shock session caused a signiﬁcant decrease in the DA level while
it increased the DOPAC content in the prefrontal cortex of the
rat.38
On the other hand, ﬁndings of the current study are in con-
trast with those of the work of Sasaki et al.39 where DA and
DOPAC contents were elevated signiﬁcantly by electric shock
stress and conditioned fear stress in the thalamus, hypothala-Figure 2B Effect of biphenyl dimethyl dicarboxylate (DDB) and ﬂ
stressed protein malnourished mice. a1: signiﬁcantly different from norm
from protein malnourished normal control p.o. at p< 0.05; a2: signiﬁ
b1: signiﬁcantly different from normally-fed escapable control p.o. a
escapable control p.o.; c: signiﬁcantly different from normally-fed stre
stress + DDB at p< 0.05; e: signiﬁcantly different from normally-fed
malnourished escapable control i.p. at p< 0.05.
Figure 2A Effect of Biphenyl dimethyl dicarboxylate (DDB) and ﬂ
stressed normally-fed mice.mus and amygdala. The difference in the results may be due
to the intrinsic properties of used stress.
In the present study, protein malnutrition increased dopa-
mine content in the brain. This result coincides with the
ﬁndings of Vucetic et al.40 who reported that protein malnutri-
tion increased DA in the PFC, with an associated signiﬁcant
decrease in the ratio of DOPAC/DA, an indication of dopa-
mine turnover. These changes in dopamine expression are par-
alleled by disruptions in DA-dependent behaviors, including
hyperactivity. DA was increased in the striatum. It was
decreased in other brain regions as a consequence of prenatal
protein malnutrition.41 On the other hand, it was shown that
protein malnutrition decreases the DA content as it increases
the DA turnover in the striatum.42
In the current study, DDB treatment increased DA content
under the normal feeding condition while it did not affect DA
content in protein malnutrition. This result is in agreement
with the study of Hamed et al.14 where DDB was found to
increase the DA content.uoxetine (FLX) on whole brain DA content of psychologically
ally-fed normal control p.o. at p< 0.05; A1: signiﬁcantly different
cantly different from normally-fed normal control i.p at p< 0.05;
t p< 0.05; B1: signiﬁcantly different from protein malnourished
ss control at p< 0.05; d: signiﬁcantly different from normally-fed
stress + FLX at p< 0.05; B2: signiﬁcantly different from protein
uoxetine (FLX) on whole brain DA content of psychologically
58 M.F. Sabry et al.According to the present study, Fluoxetine treatment
decreased DA content as compared to the control in both nor-
mal fed and protein malnourished mice. Such results agree
with the ﬁndings of Gardier et al.43 where chronic ﬂuoxetine
administration in drinking water for 24–28 days reduced the
DA level by 60–70% in the striatum and nucleus accumbens.
In addition, similar treatment was reported to cause a moder-
ate decrease of the DA level in the nucleus accumbens.44 Flu-
oxetine was reported to cause a reduction in the cumulative
amount of extracellular DA during 300 min following L-
DOPA administration.45
In the present study, stress of the LH decreased brain 5-HT
content. A recent report indicated that stress caused a signiﬁ-
cant increase of 5-HT turnover in rats.46 Also, a reduction in
5-HT in the locus coeruleus in the mouse striatum and in the
rat hypothalamus and amygdala, was reported to be induced
after psychological restraining stress, a matter that was consid-
ered as a consequence of increased 5-HT turnover.35 ElectricFigure 3B Effect of biphenyl dimethyl dicarboxylate (DDB) and ﬂ
stressed protein malnourished mice. a1: signiﬁcantly different from norm
from protein malnourished normal control p.o. at p< 0.05; a2: signiﬁ
b1: signiﬁcantly different from normally-fed escapable control p.o. a
escapable control p.o.; c: signiﬁcantly different from normally-fed stre
stress + DDB at p< 0.05; e: signiﬁcantly different from normally-fed
malnourished escapable control i.p. at p< 0.05.
Figure 3A Effect of Biphenyl dimethyl dicarboxylate (DDB) and
stressed normally-fed mice.food-shock stress (EFS) was shown to increase 5-HT metabo-
lism in several brain regions as well as conditioned fear stress
(CFS) was reported to increase the metabolism of 5-HT espe-
cially marked in the mPFC.36
In the current study, PM did not signiﬁcantly affect 5-HT.
This comes in agreement with the ﬁndings of Mokler et al.47
where basal extracellular 5-HT did not differ between mal-
nourished and well-nourished controls in either the medial pre-
frontal cortex or the dorsal hippocampus. However, a decrease
in the 5-HT ﬁber density in the dentate gyrus (DG) and CA3
subﬁeld, and in the 5-HT1A receptors by 20% in CA3 was
seen.48
Protein malnutrition in the presence of stress signiﬁcantly
increased 5-HT in the present work, as compared to nor-
mally fed stressed mice. This effect is in agreement with
the ﬁndings of Mokleret et al.47 who found that restraint
stress, malnourished rats, produced an increase in 5-HT in
the hippocampus.uoxetine (FLX) on whole brain NE content of psychologically
ally-fed normal control p.o. at p< 0.05; A1: signiﬁcantly different
cantly different from normally-fed normal control i.p at p< 0.05;
t p< 0.05; B1: signiﬁcantly different from protein malnourished
ss control at p< 0.05; d: signiﬁcantly different from normally-fed
stress + FLX at p< 0.05; B2: signiﬁcantly different from protein
ﬂuoxetine (FLX) on whole brain NE content of psychologically
Effect of biphenyl dimethyl dicarboxylate and ﬂuoxetine on performance of normally-fed 59In the present study, DDB in escape animals decreased 5-
HT as compared to the control. This effect agrees with Hamed
et al.14 in which DDB increased 5-HT in the pons and medulla,
while several studies revealed that DDB did not affect 5-
HT.49,15
In the present work, ﬂuoxetine increased 5-HT as it inhib-
ited the 5-HT reuptake. In a relevant study, single systemic
administration of ﬂuoxetine (1, 5 or 10 mg/kg, i.p.) increased
extracellular serotonin levels [5-HT]ext in the ventral hippo-
campus and frontal cortex of wild-type and mutant mice How-
ever, in the ventral hippocampus50 the ability of ﬂuoxetine to
increase hippocampal serotonin was blocked in Dbh/ (dopa-
mine b-hydroxylase gene which is responsible for NE synthe-
sis) mice. Accordingly, NE plays an important role in
mediating acute behavioral and neurochemical actions of
ﬂuoxetine.51
It is known that the noradrenergic system, with cell bodies
originating within the locus coeruleusis activated in response
to stress, and thus releases NE.52 In the present study, stress
was found to decrease whole brain NE content. This effect
agrees with the data of Hughes et al53 who reported that LH
decreases both NE and 5-HT levels and increases escape
latency. In addition, NE in the LC was reported to be signiﬁ-
cantly depleted in rats in response to shocks, with no control
over them. Such a change was found to be most closely related
to the post-stress behavioral depression.54 Foot shock stress
was found to increase NE, after being rapidly decreased fol-
lowing repetitive shocks during 5 days.55
Several types of stress decreased the NE level which may be
due to the increase in turnover of NE. According to Tsuda
et al.56, this study revealed that unpredictable shocks increased
NE turnover, which is indicated by increasing the 3-methoxy-
4-hydroxyphenylethyleneglycol sulfate level (MHPG-SO4), a
principal metabolite of NE in the hypothalamus, amygdala,
midbrain, cerebral cortex, thalamus and locus coeruleus. In
addition, immobilization stress was reported to increase
MHPG-SO4 that is attenuated by the corticotropin-releasing
factor (CRF) antagonist. Thus CRF, released during stress,
causes an increase in NE release.57 Similarly, Tsuda et al.58
reported that 5-day stress procedures that are performed by
wheel-housed/food-restricted conditions increase NE turnover.
The early work done by Stone59 showed that a 20-min
swim-stress at 14.5 C decreases the NE level and results in
an increased retention of H3 NE tritiated norepinephrine, sug-
gesting that the synthesis and possibly the release of NE is
inhibited by the stress.
Findings in the present work revealed that, PM did not
affect brain NE content. This agrees with data obtained by
Brock et al.60, who found no signiﬁcant differences between
NF and PM groups regarding NE content in most of the brain
regions innervated by neurons of the locus coeruleus and lat-
eral tegrnentum.
On the other hand, mid-gestation under nutrition resulted
in the reduction of brain NE and potentiates tyrosine hydrox-
ylase activity.61
The present study shows that PM in the presence of stress
increases whole brain NE content as compared to the normal
fed stressed group. This ﬁnding agrees with the data of the Lei-
berman et al.25 study where heat stress and PM increased
extracellular NE concentration in the rat ventral striatum as
compared to heated rats on the control diet.In the current study, under normal fed condition, DDB sig-
niﬁcantly increased whole brainNE content. This ﬁnding agrees
with that obtained by Hamed et al.14 where DDB increased NE
content in the cortex, thalamus and hypothalamus.
In the present work, ﬂuoxetine increased NE content in
both normally fed and protein malnourished mice as compared
to controls. This effect agrees with the study of Bymaster
et al.62 which revealed that ﬂuoxetine produced robust and sus-
tained increases in extracellular concentrations of norepineph-
rine and dopamine after acute systemic administration without
affecting the norepinephrine transporter. Thus, the increase of
catecholamines was not due to non-selective blockade of nor-
epinephrine uptake. In addition, R-ﬂuoxetine increased extra-
cellular levels of 5-HT and NE in the PFC, nucleus accumbens,
and hypothalamus.63
5. Conclusion
Protein malnutrition increased exploration. Protein malnutri-
tion in the presence of stress seemed to reduce anxiety. This
result may reﬂect attention deﬁcit/hyperactivity disorder
(ADHD)-like characteristic; thus PM–stress interaction may
result in the impairment of executive functions. FLX in the
presence of stress increased anxiety under protein malnutrition
condition. On the other hand, DDB has no effect on anxiety
under both diet regimens.
6. Conﬂict of interest
None.
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